A novel four-week stable experimental formulation of propofol lacking phospholipids (PMICRO) was assessed as an anesthetic agent in dogs and compared to the customary preparation of propofol that contains phospholipids (PMACRO). Forty healthy mixed-breed dogs were included in this study and randomly assigned (blocking by sex and age), to receive 5 mg/kg of one of these two pharmaceutical propofol preparations, by intravenous injection. Basal and post anesthetic blood biochemical parameters were measured. Also, cardiovascular and respiratory rates were recorded. Onset, duration and recovery from anesthesia, were documented as well. Overall, IV administration of PMICRO induces a short duration anesthesia with rapid recovery in a similar manner to anesthesia achieved with the customary propofol preparation (PMACRO). Because PMICRO lacks phospholipids, it may allow a longer storage time, decreasing the likeliness of accidental administration of contaminated propofol.
Introduction
Propofol is a non-barbiturate, short-acting phenol derivative anesthetic, that is commercially available as a phospholipid macroemulsion for intravenous administration. [1] [2] [3] [4] Undiluted propofol has an 80 to 100 nm particle size 5 and hence dilution of the commercial macroemulsion in 5% glucose is advised, to prevent large particle formation when infusion is prolongued during anesthesia. An infusion pump can be used to deliver the appropriate dose through an IV catheter. 1, 6, 7 Propofol has a 5.37 h plasma half-life in dogs, and a large apparent volume of distribution of 6.5 L/kg. It is rapidly cleared form the body (50 mL/kg/min), It has a high binding affinity to plasma proteins and erythrocytes (97-99%) and it is metabolized by the liver. 1, 6, 7 Due to its high solubility in phospholipids and rapid redistribution, both onset and recovery from anesthesia are smooth and rapidly reached. 8 It is thus considered one of the safest anesthetic agents available, 9, 10 and consequently its use as a pre-anesthetic or an anesthetic has greatly increased in dog surgeries. 1, 11 Continuous IV infusion of undiluted or 5% glucose diluted propofol allows for the anesthetic procedure to be prolonged as needed, easily changing the depth of anesthesia, and generally attaining uneventful recoveries. 1, 8 However, propofol has disadvantages in its current marketable formulation, which is based on phospholipids (10% soybean oil, 2.25% glycerol and 1.2% purified egg lecithin). 12, 13 Some of these include possibility of fat embolism, hypertriglyceridemia and pancreatitis. 12, 13 Also, it induces transient pain while being injected IV during induction of anesthesia 4, 14, 15 and a few episodes of anaphylactic reactions have been reported. [16] [17] [18] Moreover, the lipid-based formulation of propofol is physically unstable. 13 It tends to dissociate and the drug is detached by rupture of the emulsion system. 13 Consequently, free lipids allow for an increased likelihood of contamination by microorganisms 13 and the vehicle is capable of supporting rapid bacterial growth. In fact, manufacturers specify that the commercial propofol preparation does not have antimicrobial agents, and that a strict aseptic technique must be maintained when used. Also, prompt administration after opening of the package is advised, as well as subsequently discarding the unused product. 13 In addition, particulate or bacterial contamination may be difficult to detect macroscopically in an already open emulsion, because propofol injection is opaque. Thus, several studies have been conducted in search for novel propofol phospholipid-free formulations. 10, [19] [20] [21] For this study, a propofol microemulsion preparation devoid of phospholipids has been designed. Microemulsions are isotropic mixtures of oil, water and surfactant(s) that are highly soluble and thermodynamically stable. 13 Anesthetic efficacy, pharmacokinetics and toxicity of propofol microemulsions have been assessed in rodents, and have shown to perform in a similar manner to that of phospholipid based macroemulsions. 13, 22 Nonetheless, similar studies of propofol microemulsions for dogs are still lacking. Thus, the aim of this study was to evaluate the short-term anesthetic features of a phospholipid-free microemulsion of propofol, as compared to the standard propofol macroemulsion.
Material and methods Animals
This study was approved by the Ethics and Animal Welfare Committee of the Universidad Nacional Autónoma de México, and complied with the official Mexican norm for care and use of laboratory animals NOM-062-ZOO-1999. 23 Forty mixedbreed feral dogs (20 females and 20 males; 1.5-10 years old), were included in this randomized, prospective, clinical study. Animals were deemed clinically healthy based on an exhaustive physical examination, hematological profiles (urea, creatinine, blood bilirubin, ALT, AST) and medical history. General body condition of dogs was neither too lean nor obese. They were dewormed (Drontal, Bayer Animal Health, Mexico), and an adaptation to housing environment was allowed as for the Guide for the Care and Use of Laboratory Animals, 24 and food for a period of two weeks was allowed before the start of the trial. Blood samples were obtained a day before and a day after the anesthetic procedure was performed. Food and water were withheld for 10 and 3 hours before anesthesia, respectively.
Pre-anesthetic management and treatments.
Prior to anesthesia, baseline data for heart rate (HR), respiratory rate (RR), oxygen saturation of hemoglobin (SpO 2 ) and rectal body-temperature (T) were obtained. Dogs were subsequently medicated via intramuscular (IM) injection with acepromazine maleate (0.025 mg/kg) (Calmivet, Vetoquinol Mexico, S.A. de C.V., Mexico City, Mexico). As soon as the dogs were sedated, either the right or the left arm was shaved and aseptically prepared, and a 20-gauge IV catheter needle was placed into the cephalic vein, which was then attached to a male PRN connector. Once anesthetized, a proper sized orotracheal cuffed tube was placed in every dog to have rapid access for assisted ventilation if required. Two groups of 20 dogs were randomly formed (blocking by gender and age) as follows: the PMACRO group consisted of dogs which were anesthetized with the commercially available propofol macroemulsion (Diprivan ® 1%, Astra-Zeneca, Mexico City, Mexico) at an approximate IV dose of 5 mg/kg. 11 The drug was administered as an initial bolus comprising 60 or 70% of the total dose in less than 5 s, and a subsequent slow administration of the remaining amount through a period of 60 s. Respiratory rate was continuously monitored to avoid respiratory arrest. In the PMICRO group, the anesthetic procedure was similar to that used for the PMACRO group, but an experimental preparation of 1% phospholipid-free propofol microemulsion (Propofol Vet ® , Aranda Pharmaceuticals S.A. de C.V., Querétaro, Mexico) was used. This same phospholipid-free preparation was repeatedly used in dogs within 4 weeks of its manufacturing and showed to remain stable throughout this period.
Manufacturing of the phospholipid-free propofol emulsion
The PMICRO was prepared by Aranda Pharmaceuticals, sequentially mixing propofol and Crodamol TM EO (ethyl oleate), with propylene-glycol, N-metyl-2-pyrrolidone, glycerol-formal and butylhydroxyanisole under Ultra-Turrax stirring (IKA ® -Werke GmbH & Co. KG, Germany), complying with the Mexican norm (NOM-012-ZOO-1993), and following good manufacturing practices (GMPs). Particle size of the propofol microemulsions was measured at room temperature (before and after dilution), in either sterile 0.89% saline (SS) or 5% dextrose (D5W) solutions, by means of a Zetasizer, Zen 3600 (Malvern Panalytical LTD, Malvern, UK) fitted with a 538 nm laser beam. Final solutions were as follows: basal undiluted PMICRO; 1 mL PMICRO: 0.01 mL of SS or D5W; 1 mL PMICRO: 0.02 mL of SS or D5W; 1 mL PMI-CRO: 0.03 of SS or D5W; 1 mL PMICRO: 0.04 mL of SS or D5W; and 1 mL PMI-CRO: 0.2 mL of SS or D5W. The dilution range tested mimicked the conventional dilution of propofol utilized for long-term anesthesia by continuous infusion. 1, 3, 6, 25 Four-week stability test A 4-week physical and chemical stability test of the PMICRO was carried out through serial measurements of propofol content by a validated HPLC method 25, 27. All samples were kept in glass vials with rubber-stoppers at 60°C with 75 ± 5% relative humidity (RH), in a stability chamber (FTL-600, Fine Scientific Instruments, Korea).
Sample were analyzed at 0, 1, 2, and 4 weeks.
Trans-anesthetic monitoring
Values for HR, RR, SpO 2 and T, were recorded throughout the anesthetic procedure with a multiparameter monitor (LEEX iM8 VET ® ). If SpO 2 dropped below 90%, assisted manual ventilation was implemented and registered. Onset (OA), duration (AD), and recovery from anesthesia (RA), considered respectively as the time elapsed between the administration of the anesthetic and the loss of the palpebral and nociceptive withdrawal reflexes, the time that elapsed between the loss and recovery of these reflexes; and the time elapsed between the recovery of reflexes and the moment when the animal attempted or managed to stand up on its own, were also registered.
Serum biochemical and anesthetic parameters between groups were compared by t-Student tests, and results were expressed as mean ± standard deviation (SD). Significant differences were set at p < 0.05. Physiological parameters were documented as mean and coefficient of variation (CV). Analyses were performed with the IBM SPSSVR Statistics 2.0 software package.
Results and discussion
The experimental PMICRO preparation was established as a clear and thermodynamically stable microemulsion (an isotropic liquid mixture of a lipid soluble drug -propofol-, water and surfactants). Particle size of the undiluted solution ranged from 80 to 95 nm. However, when mixing 1 ml of PMICRO with any of the tested D5W or SS volumes, the microemulsion was almost immediately transformed (5 min after mixing) into an emulsion, with particle sizes of up to 31,000 nm (Fig. 1) . However, in the storage opaque glass containers, the stability test showed a mean propofol recovery of 98.75% (range 98.25 to 102%) after 4 weeks indicating lack of alteration of the pharmaceutical formula. Nevertheless it is important to emphasize that formal stability test for PMICRO is still to be performed. 26 PMICRO induced clinical anesthesia in all animals. Blood urea, creatinine and bilirubin before and after anesthesia did not differ from basal values in any of the dogs (p > 0.05) and remained within physiologic limits. As shown in Table 1 , mean time for OA was 60 s or less for animals in both treatment groups (PMACRO: 47 ± 4 s; PMICRO: 56 ± 0.3 s). However, AD was shorter for the PMACRO group (PMACRO: 12.5 ± 1.9 min; PMICRO: 17.5 ± 2.5, p ≤ 0.05). RA was similar between groups (PMACRO: 17.7 ± 3.4 min; PMICRO: 19.3 ± 5.8).
As for physiological parameters, HR values were similar between the PMACRO and the PMICRO groups at time 0 ( Table 2) . However, five mins after the IV injection, HR decreased to a mean value of 72.4 bpm (CV = 9.1%) in the PMACRO group, whereas it increased to 98 bpm, CV = 8.8% in the PMICRO group. After this time point, HR values remained steady and within expected ranges throughout the procedure and were similar for all animals in both groups ( Table 2) .
Respiratory rates were constant and steady throughout the anesthetic procedure and did not differ between groups ( Table 3) . SpO 2 values remained over 92% through anesthesia in animals in both groups, with few cases exhibiting transient 91% values in the PMACRO group.
As for T, mean recorded values showed minimal variations in both groups (38 °C; CV = 1.1%) ( Table 4 ). Considering that anesthesia with propofol has been carefully and extensively characterized, including latency and duration action of the anesthetic agent, HR, RR, SpO 2 and T are reasonably predictable, and recovery periods are almost constant. 11, 27, 28 Both the phospholipid-based mixture of propofol and the phospholipid-free preparation used in this study induced clinical anesthesia, where physiological parameters remained within expected values. To minimize stress, dogs were pre-anesthesized with acepromazine maleate. Propofol anesthesia onset is dose and injection-speed dependent, but it can also be affected by previous administration of a sedative. Since animals of both treatment groups in this study were medicated with acepromazine prior to anesthesia, it is safe to state that the lack of difference found between groups in OA can be stated independently of the sedative used, and that it can be characterized as smooth and uneventful, as previously described for dogs. 1, 11 Similarly, it has been previously shown that AD after propofol administration is not modified by use of acepromazine.9 Hence, differences found for AD between treatments groups in this study can be attributed to the particular propofol preparation used ( Table 1) .
Intravenous propofol administration with PMICRO can be used for short-term anesthesia or for quick execution of painful procedures. 10 If a longer anesthetic time is required with PMICRO, additional propofol could be injected, either directly or aided with an infusion pump capable of delivering approximately 140-180 µg/ kg/min. This will avoid the use of D5W or SS as the zeta potential of the original PMICRO is modified and flocculation and coalescence are favored. It has been observed that the larger the particle size, the lower the anesthetic effect. 5 Anesthesia with propofol may induce transient apnea and a mild decrease in cardiac output. 28 In this study, PMACRO transiently decreased HR whereas PMICRO slightly increased HR five minutes after propofol injection, RR was not affected. Subsequent physiologic parameter values were stabilized to match basal recordings. Differences observed at 5 min after propofol administration may be due to presence of propylene glycol (PPG) in the PMICRO solution, since PPG can moderately alter HR, blood pressure and the efferent sympathetic activity when administered IV in dogs. 29 Stability of blood SpO 2 and T values throughout the anesthetic procedures for both treatment groups can be related to the short duration of the anesthetic period.
Based on the parameters assessed in this trial, PMICRO can be regarded as a safe anesthetic. Further, the vehicle components used for its preparation did not appear to have any adverse effect. However, as with most drug developments, additional long-term anesthetic and toxicological studies are needed before PMICRO can be used clinically. No nanoparticularization of the active principle was attempted considering that manufacturing costs would be considerably increased. Also, release of propofol from nanoparticles may not take place, increasing the potential degree of toxicity of this type of preparation. 11, 20, 29 In contrast, microemulsions are not considered toxic when particle size surpasses 60 nm. 30 In this study, PMICRO was prepared as a microemulsion. However, initial particle size of PMICRO increased when diluted in SS or D5W, since microparticles tended to add up to form larger micelles, giving rise to an emulsion with a modified zeta potential and a flocculation and coalescence that could cause micro-embolisms. 5 PMICRO was prepared as a phospholipid-free microemulsion to extend shelflife, since phospholipids are prone to support microbial growth. 13 However, as for any new parenteral preparation, several tests such as presence of pyrogens, chemical reactivity with other drugs and sub-chronic toxicity need to be completed prior to introducing PMICRO for clinical use.
